The understanding of microorganism's biodiversity in the peatland soil through non-cultivation based approach provide important inputs towards prediction of the ecosystem response towards the changing environment. The challenge that hindered the success to obtain high quality DNA from peat soil lies in the physicochemical characteristics such as low pH and high humic acid content. There are two general approaches that have been extensively applied for soil microbial DNA extraction, which are direct DNA extraction protocol and indirect DNA extraction protocol. The only step differentiate between these two protocols is the later includes additional cell separation method from soil micro-aggregates preceding DNA extraction process. Therefore, several improved and modified methods in conventional DNA extraction and purification methods are reviewed in this paper to cater all the highlighted issues as to obtain high-quality DNA for peatland metagenomics soil studies.
INTRODUCTION
Soil is a huge reservoir of carbon sources and organic matter, providing valuable nutrient-rich habitat for growth and energy for diverse organism. The biological interaction amongst soil indigenous microorganisms is significant to maintain soil function, composition and fertility. In estimation, up to 10 8 microbial cells were found in a gram of bulk soil with at most 100 species diversity [1] . The role and complexity of soil microbial metabolisms and interactions have been broadly exploited with respect to various biotechnological applications such as plant microbial inoculation, bioremediation, enzyme isolation and bioactive compounds production [2] [3] [4] [5] [6] [7] [8] [9] .
The microbial abundance has been extensively explored by the classical laboratory cultivation techniques which however bears only limited biodiversity of approximately less than 1% cultivable microbes from the natural environments [10] [11] [12] . These conventional culture-dependent methods heavily rely on the optimum supply of nutrient sources, growth media and other physical and chemical parameters such as pH, temperature and metal ions concentration that suit optimally to only certain groups of microorganisms hence dramatically underestimating the accurate number of microorganisms in the nature. The limitation of these growth techniques hinders the process of comprehensive soil microbial community analysis making it almost impossible and practically tedious to uncover more uncultivable and novel microorganism species.
To overcome such limitations, the later development of rapid and direct access of genetic material from environmental samples without cultivation has been introduced. The term metagenomics is then used to describe the study of the collective unknown genetic material which give insights not just into the taxonomy diversity of the environmental samples but also their ecological function [13] . This discovery has revolutionized the way we perceive and understand the microbial world due to their ability to expose the previously unknown microscopic life diversity. However, the reliability and robustness of the metagenomics analyses nevertheless depends on the quality of DNA isolated.
The fundamental of DNA extraction protocol comprises of several main and optional procedures which are cell disruption, membrane lipid removal, protein and RNA elimination, nucleic acid purification and precipitation. Those steps may apply combinations of all or some of physical/mechanical, chemical, and enzymatic treatments throughout the process to achieve the main objective of any DNA extraction, which is high purity, quantity and quality of DNA yield suitable for the subsequent applications such as cloning or next-generation sequencing.
Since the late 80's, various soil nucleic acid extraction methods have been published and continue to be revised and modified [14] . Despite the improvement and introduction of new techniques from time to time, there is still no standard methods which are universally applicable for all soil types [15] . This is because specific optimization in the extraction and purification techniques are required for specific soil properties and physicochemical characteristics [16] [17] [18] .
For example, the challenge of DNA extraction from peat soil is due to its unique composition of a thick accrued remains of animals and plant components such as roots, leaves and woods which are also attributable to its highly acidic, high organic matter, anoxic and low-nutrient soil condition [19] . These soil characteristics demand for a specific strategy in isolating high quality DNA. In fact, the extreme physicochemical properties of peat soil was reported to restrain the effort to explore the diversity of its soil microbiota using cultivation strategies, but was more successful through direct soil DNA extraction [20, 21] . Therefore, this review highlights the modification and improvement in soil DNA extractions and purification techniques as well as their effectiveness in obtaining high quality DNA particularly from peatland soil for metagenomic study. and swamp forests based on physiognomics and dominance over the structure and vegetation [19] . These oligotrophic or mesotrophic ecosystems acquire different soil physicochemical characteristics based on the geographical area, climate, weather and other complex environmental factors. In general, peat soil has low pH ranging from 2 to 5, due to amassing of plant litter which contributes to the abundance organic matter and humic and fulvic acids in the waterlogged soil [22] . McLaughlin and Webster described the acidification and alkalinization of fen peatland of northern Ontario occur based on the interactions between water table level and peat cation exchange [23] .
The acidification and alkalinization cycle based on the climate condition results in the peatland progression from intermediate to poor fens. Poor fens or peat bogs are characterized by domination of oligotrophic species such as Sphagnum mosses and are commonly ombotrophic, acidic and nutrient-poor by nature [24] . Peat accumulation and its lowdecomposition rate correspondingly upsurge the soil acidity and contribute to nutrient-deficient conditions especially in peat swamp forests where there are no new nutrient inputs from adjacent rivers [25, 26] . Peat water of tropical peat swamp forest is acidic and dark color due to high concentrations of tannins and humic acids [27] .
Studies has shown that there is an inverse relationship between organic content and PCR performance which muchly due to humic content in highorganic soil [16, 28] . Tebbe and Vahjen discovered that humic acids and DNA-coextracted substances interfere with DNA-DNA hybridization, restriction enzymes digestions, PCR and transformation process [29] . Moreover, DNA yield from peat soils was perpetually low as compared to other type of soils [30] .
SOIL MICROBIAL DNA EXTRACTION
The protocols used in DNA extraction strategies determine the quality of the DNA extracted. In microbiome studies such as in metagenomics, high quality DNA is needed in clone library construction and DNA sequencing for obtaining sufficient representatives of all cells present in the sample [31] . Generally, DNA extraction methods can be categorized into two different approach namely direct (in situ) DNA extraction and indirect (ex situ) DNA extraction methods [14, 32] . These protocols are differentiated by the preliminary step prior to nucleic acid extraction whereby the former involves cell lysis within the soil matrix while the later involves dislodgement of cell from the sample followed by the subsequent cell lysis. Both methods nevertheless have their own strength and weaknesses in terms of the quantity and quality of the DNA extracted.
Direct DNA extraction

In situ cell lysis
Cell lysis is the primary step of DNA extraction which plays a major role in determining the extraction end results. The concept of this step is to rupture microbial cell wall hence releasing the intracellular nucleic acids. Mechanical disruption has been historically used for many years especially in direct extraction methods considering the ability to access whole microbial cell within soil micro-aggregates [33] . Harsh physical or mechanical treatment for instance freezing and thawing cycles, microwave heating, manual liquid nitrogen grinding, bead-beating or sonication are usually applied in this method [16, 28, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] .
Even though the efficiency of those methods to lyse bacterial cells has been proven, there are several reports which also highlight the drawbacks of physical treatment towards the quality and quantity of DNA. For example, it was found that the use of bead-beating technique with longer time will contribute to more DNA yield but will also cause more DNA shearing and increasing fractions of low-molecular weight DNA as compared to sonication, freezing and thawing [45] . In comparison to bead-beating, sonication is less efficient as it causes more DNA shearing [43] . On the other hand, Karakousis et al. stated that sonication and mortar and pestle techniques were recorded with almost 100% efficiency in breaking fungal hyphae and conidia [46] .
In another bead-beating comparative study, a researcher reported that the bead-beating extraction used on Osterliwald soil (highest clay and organic matter content) at the 5 m/s speed setting successfully produced the highest yield of DNA with 6.5 ± 0.1 kb fragment size [41] . The challenge to achieve efficient cell lysis in clay-rich soil lies in the tendencies of DNA to bind with clay colloids which later lead to low DNA yield [16] . In one of the study to increase yield of DNA extracted directly from soil, a scientist also add RNA in the extraction buffer to saturate the nucleic acid adsorption sites of soil colloids. They found a positive effect of RNA treatment, but even for the higher RNA concentrations (100 mg g -1 [dry weight] of soil), the recovery rate of the DNA never exceeded 3%. [47] .
Physical methods are usually combined with chemical treatment by using detergent to assist the slurry homogenization and cell lysis along with the appropriate enzymes to remove lipids and proteins. For instance, by using a combined chemical-enzymatic-mechanical lysis, a group researcher found a significant difference in the lysis efficiency and the DNA yield as compared to other combined methods which are chemical-enzymatic and chemical-mechanical [48] . A strong anionic detergent such as sodium dodecyl sulfate (SDS) is frequently used together with several other chelating agents such as ethylenediaminetetraacetic acid (EDTA), sodium chloride (NaCl) [16, 49, 50] . Sodium phosphate buffer, or Tris commonly used together to neutralize negative metal ions (magnesium and calcium ions) to maintain DNA integrity. However, according to Zhou et al. the clay content in soil will affect significantly the efficiency of SDS-based cell lysis and will not be as effective to at least some gram-positive bacteria even with the heating and high-salt treatment [16] .In addition, the use of phosphate buffer saline (PBS) and mannitol in the lysis buffer has been reported to improve DNA yield and purity [51] .
The substitution of harsh physical lysis by enzymatic and chemical lysis has always resulted in the production of larger size of DNA fragment. This is proven by Pang et al who managed to isolate up to 290 kb DNA fragments when they replaced bead-beating with chemical-enzymatic lysis [52] . A comparable approach was also applied by some researcher by applying their newly developed alkaline lysis method and successfully obtained up to 80 kb DNA fragment size [53] .
DNA purification
Impurities in DNA such as protein and humic acid contamination will lead to inaccurate measurement of DNA concentration and could potentially inhibit subsequent molecular processes and analysis. Thus, elimination of all those impurities is a must, especially for DNA extracted directly from soil, as humic acids are commonly co-extracted during the extraction process [16] .
A cationic detergents such as, cetyltrimethylammonium bromide (CTAB) or polyvinyl polypyrrolidone (PVPP) is alternatively incorporated in either lysis buffer or in a single treatment during purification process [16, 42, 54, 55] . The addition of PVPP helps in eliminating polyphenolic compounds thus reducing contaminants especially in soil sample which are rich in plant remains such as rhizosphere soil although there are some reports that it will cause reduction in DNA yield. Anionic surfactant like Nlauroyl sarcosine is sometimes applied to improve DNA extraction [56] [57] .
To improve deproteination and cell lysis, specific enzymes are added together in the extraction buffer or separately in different enzymatic treatment. The most frequently enzyme used is lysozyme which catalyze hydrolysis of peptidoglycan in bacterial cell walls especially to Grampositive bacteria [28, 43, 49, 58] . Other enzymes used in DNA extraction include achromopeptidase and proteinase K [59, 60] .
In one experimental comparison between lysozyme treatment and microwave heating method, Orsini et al. claimed that the former produced more DNA yield with larger fragment size of approximately 20 kb [40] . Almost similar size of DNA fragments was obtained from termite nest soil by incorporating lysozyme and the crude ligninolytic enzyme extract from Ganoderma sp. rckk-02 in the lysis buffer [61] . This newly developed enzymatic treatment was reported to successfully recover 90% of DNA after purification with reduction of humic acid up to 81%.
Most DNA purifications or precipitations are achieved by using combinations of high-salt solution such as sodium chloride, magnesium chloride, potassium acetate, sodium acetate, followed by further precipitation with organic solvent such as ethanol, isopropanol or chloroform [32, 53, 62] . Roose-Amsaleg suggested to use polyethyleneglycol (PEG) instead of ethanol or isopropanol so that the final volume of eluted sample can be reduced to obtain concentrated DNA [36] .
DNA purification by using cesium chloride density gradient centrifugation (CsCl) with incorporation of ethidium bromide has been effective in permitting subsequent restriction enzymes digestion of purified nucleic acids [14] . This is confirmed by some researcher as they obtained relatively pure DNA by using CsCl-based isopycnic gradient [56] . Further purification of DNA can be conducted by using hydroxyapatite column chromatography with incorporation of sodium phosphate buffer and urea with specific concentration [14, 55] . Although more purified DNA was obtained by using both CsCl gradient centrifugation followed by hydroxyapatite column chromatography consecutively, these methods unfortunately were reported to cause DNA loss [55] .
Indirect DNA extraction
3.2.1.
Soil dispersion and cell separation
The main objectives of indirect approach in DNA extraction protocol are to disperse soil aggregates and to separate microbial cells from soil particles by using various available methods prior to DNA extraction. This approach is observed to be superior than the direct lysis method with respect to the ability to minimize co-extraction of extracellular DNA and produce larger fragment DNA with a high degree of purity as well as to specifically target on prokaryote DNA [63] .
The most common physical treatment used for soil dispersion and homogenization includes Waring blender dispersal, sonication and centrifugation with inclusion of chemical treatment such as Chelex 100, PVPP or other salts and buffers [10, 32, 43, [64] [65] [66] [67] [68] . Nycodenz density gradient centrifugation (NDGC) has been used widely for bacterial cell separation method which precedes with low-speed centrifugation (LSC) to eliminate course soil particles, and later with high-speed centrifugation (HSC) using ultra-centrifuge equipment to separate bacterial cells and Nycodenz solution [56, 66] . A group researcher reported that by using NDGC, in contrary with Bakken, soil properties did not seem to bias the yield of bacterial extraction [56, 65] .
3.2.2.
DNA extraction and purification
In the indirect lysis protocol, DNA of the separated cells is extracted and purified using similar method as in direct extraction protocol discussed previously with the exception of harsh physical cell disruption. For example, Bertrand et al. lysed bacterial cell only by using chemical and enzymatic treatment following DNA purification using CsCl density gradient method and successfully isolated high-molecular weight DNA of more than 400 kb fragment size [56] . On the other hand, Williamson et al. has demonstrated the application of bacterial cell lysis within agarose plug with combination of chemical and enzymatic treatment and obtained a high DNA yield [57] .
Direct lysis vs indirect lysis
According to a study, cell lysis is biased to DNA from Gram-negative cells which is easier to disrupt than Gram-positive cells [69] . Since the disruption of gram negative and gram-positive walls take place at different time, the former will be easily sheared with prolonged cell lysis treatment. Direct physical methods have been comparatively tested with respective capacity to lyse microbial cell and yielded more DNA, yet will compromise the size of DNA fragment [67] and may introduce some bias towards certain groups of microorganisms [16, 67] .
In general, combination of harsh mechanical and other chemical and enzymatic treatment indirect lysis protocols is usually associated with severe DNA shearing thus producing low molecular weight DNA or short fragment DNA. Indirect extraction protocol on the other hand has always resulted in the high-molecular weight DNA isolation with minor or none further purification. The fragment size is an important factor as to plan the downstream process after the DNA isolation especially when cloning is involved.
Large-insert libraries have higher potential to contain complete biosynthetic pathways of antimicrobial compounds, multiple enzymes or operons encoding complex metabolisms, while small-insert libraries are common in gene products identification encoding most enzymes, or genetic determinants of antibiotic resistance [70] . Improved and modified methods of DNA extraction from soil for both direct and indirect protocols with a focus on successful isolation of large DNA fragment size are summarized in Table 1 . 
SOIL ENRICHMENT METHOD
Soil enrichment methods are occasionally incorporated before cell separation or DNA isolation in order to promote and improve microbial population by introducing specific substrate or medium in a controlled conditions [79] [80] [81] . For example, some researcher supplied soil culture with a single amide or a mixture of different aromatic and non-aromatic acetamide and glycine amide derivatives as the sole nitrogen source to selectively promote the growth of amidase-exhibiting organisms [79] . Mori et al. performed enrichment culture in modified M9 minimal medium with a carbon source of either microcrystalline cellulose (Avicel®) or unbleached hardwood kraft pulp which results in the detection of cellulase and xylanase gene from the metagenomic libraries [80] . This strategy practically confines the expected clone libraries size and has been proven to increase the possibility of detecting genes of interest and other target or uncommon activities [81, 82] .
METAGENOMICS STUDIES OF PEATLAND SOIL
The rapidly expanding study of soil DNA which also popular as soil metagenomics has generated unprecedented ability to obtain rich information that provides insights into taxonomic and functional diversity of soil microorganisms. The early work on metagenomics studies of soil involved the extraction of environmental DNA followed by insertions into various vectors (plasmids, BACs, and cosmids) and propagation in Escheria coli [83] . This was complementary with shotgun and amplicon sequencing technologies that allowed direct DNA sequencing and produced up to 100 billion base pairs of sequence data [84] .
Both metagenomics library and DNA sequencing resulted with complex genomic and DNA sequence libraries that provide access to the entire content of soil metagenome [83] . A metagenomic study of peatland soil with acidic, high organic accumulation and low mineral content provide insights into microbial specialization and functions in this unique terrestrial ecosystem that rapidly diminishing due to conversion into agricultural land or make way for urbanization [85] . The recent metagenomics studies involving peatland soil from Thailand, Siberia, Malaysia, Alaska and Sloevenia are summarized in Table 2 
CONCLUSION
The success of isolating quality DNA from soil relies on different method used in the extraction protocol. Both direct and indirect extraction approaches comparably have different capacity to access the soil metagenome prerequisite for various molecular applications. Direct extraction methods are perceived as an ideal approach concerning its lesslaborious, rapid, and cost-effective processes requirement. In general, these in-situ lysis methods have shown superior results in terms of DNA yield and successful discovery of more diverse assemblage of microbial soil community pattern with minimum bias. Nevertheless, the coextraction of PCR-inhibitory compounds and the high risk of DNA shear are still among the enduring challenges when dealing with DNA from direct lysis protocols.
Indirect extraction protocols contrariwise are preferred when pure and high molecular weight DNA or larger DNA fragment size is required in the subsequent molecular application. The optimization and improvement of DNA extraction protocol is critical in determining the end results of any microbial ecology studies especially in limiting the inherent bias, despite all of the soil physicochemical challenges. Besides, the isolation of quality DNA is crucial in metagenomic studies that offer wide-ranging information on microbial community structure and their ecological function in the environment especially in a unique environment such as peatland ecosystems. 
